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Abstract
Underground human activities, such as mining, shale gas and oil exploitation, waste-water disposal
or geo-thermal plants, can cause earthquakes. These industry projects need to be monitored by local
seismic networks in order to contain the risk. An ideal seismic network should have a triangulated grid,
with spacing equal to the depth of the industrial activity with no associated industry noise. In many
cases, stations are placed near noisy roads, factories or in a private garden, none of which are located at
optimal nodes and which thus introduce great variations in the nose level. In this article, we present a
work-flow to determine the sensitivity of any local network, even if there is no local event recorded. In
other words: how small are the earthquakes that such seismic networks detect? This knowledge can be
used as an argument for claiming an area to be seismically silent-inactive down to a certain magnitude
or for evaluating the effect of an additional seismic station. A brief theory and work-flow description
is followed by two real-case demonstrations from Czech Republic, Europe: first, a proof-test on a well-
studied seismically active area of West Bohemia / Vogtland and second, an application to an uprising
geothermal project in Litoměřice, where no seismic activity was detected in years of monitoring.

Keywords: local seismic activity, sensitivity of seismic network, seismic monitoring, induced seismicity,
microseismicity, West Bohemia / Vogtland

1 Introduction
The need for CO2 free sources of energy has
seen an increase inf solar, wind, hydrothermal
and nuclear power plants, many of which require-
local monitoring of micro-earthquakes. Nuclear
power plants are monitored to ensure seismic sta-
bility of the bedrock (Dojcinovski et al, 2001),
and hydrothermal potential induced seismicity (in
2006 water injection to a depth of 5 km induced a
ML 3.4 in Basel, Switzerland; Häring et al, 2008).
Both types of power plants are likely to be built
in a region with no known seismic activity. This
paper presents a proof-tested work-flow to calcu-
late the sensitivity of a local seismic network in

a seismically inactive region. Knowing the sen-
sitivity of a local seismic network in 3D is also
beneficial for monitoring other underground oper-
ations, such as hydraulic fracturing (which caused
ML 2.3 and 1.5 in Blackpool, United Kingdom;
Clarke et al, 2014), waste-water injection (in 2011
this was related to MW 5.7 in Oklahoma, USA;
Janská and Eisner, 2012) or gas extraction (Bara-
nova et al, 1999). High sensitivity of a network is
one of the arguments for claiming that the area
is secured/seismically silent-inactive and there-
fore suitable for building industry projects such
as power plants, nuclear waste disposal or, in our
case, a geothermal project.

The ability of a seismic network to detect local
micro-earthquakes is a function of the number of
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Fig. 1 Left: Region overview with highlight of West Bohemia region in magenta and Litoměřice in red. Center: WEBNET:
map of subset of seismic network in Vogtland/West Bohemia - 8 stations used for event detection by PePin detector.
Location of a weak ML - 0.6 event as blue circle. Right: GRSN: Map of permanent stations of the seismic network in
Litoměřice (station RICC unreliable and so omitted in this study). Location of future hydrothermal well by black circle.
(map background by mapy.cz)

stations, their location, seismic noise, local geol-
ogy and the detection method. The sensitivity of
a seismic network is a spatial monitoring perfor-
mance in terms of the smallest reliably detectable
magnitude, ideally presented in the form of a
3D map, but, in the case of insufficient infor-
mation, also by a single value representing the
magnitude of completeness MC of the whole net-
work. From the catalog completeness MC we can
determine the magnitude at which the cumulative
frequency magnitude distribution deviates from
Gutenberg-Richter law (Wiemer and Wyss, 2000;
Leptokaropoulos and Gkarlaouni, 2016). Various
methods have been proposed to determine net-
work sensitivity. A theoretical sensitivity using
the moment magnitude, that also depends on the
velocity and density model, is presented in Hallo
(2012). When a seismic network is already operat-
ing, the sensitivity can be tested using synthetic
seismic events overlying the real seismograms
(López-Comino et al, 2017), or by comparing the
Pn amplitude-distance curve to the signal-to-noise
ratio (Sereno Jr. and Bratt, 1989). In the case of
a highly active and long-term monitored region,
the sensitivity is calculated from seismic catalogs
(Mignan et al, 2011; Fischer and Bachura, 2014) or
can be derived continuously (Kværna et al, 2002).

In this paper, we propose a new method to
evaluate the 3D sensitivity of a local network that
has no recorded local seismic activity. The sen-
sitivity is based on a theoretical S-wave signal
that exceeds the noise level at numerous stations.
To calibrate this approach, we adopt the local
magnitude ML calculation used in West Bohemia

/ Vogtland region (Horálek et al, 2000, revis-
ited by Čermáková and Horálek, 2015), which is
a function of the maximum S-wave velocity and
the hypocentral distance. This is converted into a
function of station’s noise level and real-scenario
peak-to-noise ratio. Such 3D sensitivity is derived
for two local seismic networks in the Czech Repub-
lic: WEBNET in West Bohemia for proof-testing
the concept using existing local seismic activity
and the GRSN in Litoměřice for its application

1.1 Local seismic networks
The aim is to derive the sensitivity of a
local GRSN network that monitors the RIN-
GEN geothermal project (Šafanda et al, 2020)
that is being built near Litoměřice, a town in
central Bohemia, Czech Republic (Fig. 1). An
Enhanced Geothermal Systems (EGS) was origi-
nally planned at 5 km depth and a pilot 2.1 km
deep geothermal borehole was drilled in 2007. At
present, the RINGEN seismic network (GRSN)
consists of nine surface stations (spaced 1.5 -
4.5 km apart, one of which is unreliable and
was omitted in this study) and two down-hole
receivers (these were not present at the begin-
ning of this study, so they were omitted). The
first two surface stations were installed in 2013,
the surface network was completed in 2019 and
the downhole receivers started recording in July
2020. Although an efficient automatic detection
algorithm PePin, based on the method of Fischer
(2003) was implemented in 2019, no local seis-
micity has been detected in the Litoměřice region
so far, nor by the Czech Regional Seismological
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Network (Charles University in Prague (Czech)
et al, 1973). The most recent algorithm setting
requires the detection of at least one P-wave and
four S-wave arrivals; the fact that local seismic-
ity data is missing prevents us from determining
the network sensitivity using standard methods
mentioned above, which motivated us to derive an
approach based on known information.

The proof-test region for our method of seis-
mic network sensitivity is a seismologically active
area of West Bohemia (Fig. 1 center) in Czech
Republic, which borders Vogtland in Saxony, Ger-
many (Neunhöfer and Hemmann, 2005). Most of
the seismic swarms occur in the Nový Kostel (sta-
tion NKC) region at 6 - 10 km depth with local
magnitudes up to ML 3.8 in 2008 (Čermáková and
Horálek, 2015). All the 23 permanent stations of
the WEBNET seismic network (Institute of Geo-
physics, Academy of Sciences of the Czech Repub-
lic, 1991) stream data in real time. Two method-
ologies are used nowadays for data processing:
automatic detection and location by the detector
(Fischer, 2003) and neural-network (Doubravová
from Institute of Geophysics, Academy of Sciences
of the Czech Republic, personal communication).
Neural-network detections are manually picked
and located; events ML > 0 are presented online.
The automatic detection algorithm PePin analy-
ses the waveforms of 8 stations (spaced 4 - 8 km
apart) surrounding the most active area of Nový
Kostel and the results are published online in near
real time. It is this eight-station subset that we
use in our study.

2 Methodology
By the sensitivity of a seismic network we under-
stand a 3D map of the minimum detectable
magnitude, when considering reasonable limits of
an applied earthquake detection method. The cal-
culated seismic network sensitivity is focused on
networks such as the Litoměřice area where sta-
tions are separated by only a few kilometers,
without any known seismic activity and with
potential seismic activity in the first few kilome-
ters underground. This setting allows us to draw
the following assumptions:

First, for a seismically inactive region, the
detection algorithm utilizing a signal amplitude
that exceeds the background noise level is to
be used. The reason is that the more sensitive

methods, such as cross-correlation (Janská and
Eisner, 2012) or neural network (Perol et al, 2018;
Doubravová and Horálek, 2019) require knowledge
of the waveform(s) of local seismic events, which
is missing in the area of interest.

Second, in the far field, S-wave amplitudes
are greater than P-wave amplitudes depending on
the reciprocal of the third power of wave veloc-
ity (e.g. Shearer (2009) and an example in Fig.
2), especially on horizontal components, and there
are very weak, if any, surface waves. This means
that it is the S-wave signal (above noise level)
that triggers the detection algorithm, especially
for the weak events. Therefore, if the magnitude
is determined using the S-wave peak amplitude,
the minimal detectable magnitude is a function
of the noise level of the horizontal components of
the triggering station. Note that instead of using
the Signal to Noise Ratio (SNR), where the sig-
nal value is an average over a short time window,
as used for the sta/lta (Trnkoczy, 2012), we use
(S-wave) Peak to Noise Ratio (PNR) because it
is directly connected to the magnitude calculation
(section 2.3).

Third, usually a seismic event must trigger
at minimum three stations in order to be locat-
able, but due to the S-wave radiation pattern,
these triggering stations are not necessarily only
the closest ones. An example of a local event ML

-0.6 is shown in Fig. 2, where the waveforms are
arranged according to the distance to the event,
but the second closest station LBC shows a signif-
icantly smaller Peak to Noise Ratio (PNR). This
LBC station, together with station KVC, lies on
the fault nodal plane. To account for the focal
mechanism effect on amplitudes, we decided to set
the algorithm to use one additional station to the
number of stations required to trigger S-wave.

2.1 Noise level
Each station is characterized by its noise level,
which is a function of human activity, weather,
geology and time. Assigning a single value char-
acterizing such complex behavior is tricky and
different statistical approaches can be taken. In
our case, the noise value is defined as the root-
mean-square (RMS) of filtered waveforms; due to
the application of the L2 norm, the noise level
value is sensitive to noise bursts or artificial noise
peaks, which are likely to cause false triggers,
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Fig. 2 A weak local seismic event near Nový Kostel, West Bohemia automatically detected and located by PePin with two
P-waves and six S-waves on 2

nd January 2020 02:44:50 UTC. Automatically assigned ML -0.6, depth 8 km, latitude 50.2522,
longitude 12.4444. Blue waveforms are filtered 7-30 Hz and have similar scales in µm/s. Red dashed line shows noise level
from 100 days, which in this case is high above real noise on stations KVC and KRC. Red star highlights the highest peak
in display (in SKC it does not represent event waveform) labeled with corresponding PNR. A subplot with mean PNR of
horizontal (EN) components shows that the value of PNR is not a smooth function of distance from the source (stations are
sorted by distance), but the second closest station has the fourth greatest PNR. Six PNR values are above the triggering
threshold (PNR = 3), although the triggering stations differ from PePin triggering one.

making noisy stations less useful for detection.
The RMS method therefore fails in stations with
extreme values of spikes and these need to be
handled individually, for example by advanced
filtering.

We searched for an optimal band-pass filter
similar for both GRSN and WEBNET that would
suppress major noise and enhance the high fre-
quency signal of weak local events. Spectrograms
of GRSN stations showed coherent 35 Hz noise

at PLO station and therefore the upper cutoff
frequency was set to 30 Hz. Several lower cut-
off frequencies were tested on weak events from
WEBNET, and the filter 7-30 Hz proved to give
the highest peak-to-noise ratio (PNR) when tested
on weak events (see an example of the effect of
three different band pass filters on East com-
ponent of event ML -1.1 from 2018 in Fig. 1
in the supplement). Therefore, this study uses
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Table 1 Station’s noise level is the RMS of horizontal
components filtered 7-30 Hz from the first 100 days of
year 2020. Red background indicates the noisiest stations,
green the quietest ones.

waveforms filtered by 7-30 Hz, unless mentioned
otherwise.

Fig. 3 GRSN: low noise station SKAC on left, noisy sta-
tion GTCLT on right. RMS noise level during day (red)
and night (blue) overlying smooth record (moving RMS in
100s window, black) from a working day (Thursday 9th
April 2020). Standard deviation of 100 day/night values
highlighted by shadowed areas. Note that the noise y-scale
varies by 10 times.

Since the S-wave is essential for our approach,
it is practical to take in account only the horizon-
tal components, which carry most of the S-wave
signal. The noise level in Table 1 was calculated
from the horizontal components of the first 100
days of the year 2020 because there was only
minor seismic activity in West Bohemia. The aver-
age noise level of seismic networks varies by 10
times: 0.021 µm/s in West Bohemia and 0.26 µm/s
in Litoměřice. Such a difference is also inside a
network, as presented in Fig. 3 on SKAC and
GTCLT station from GRSN. Day/night variation
of noise is more pronounced in GRSN. These dif-
ferences are likely due to differences in geology and
because the noisier GRSN stations are situated
at busy/industrial spots. To show the relevance
of the noise level, the noise level is displayed as
a red dashed line over real event waveforms of
WEBNET stations in Fig. 2.

2.2 Detection algorithm
The automatic detection algorithm (PePin) oper-
ating both in West Bohemia and Litoměřice
requires the recognition (trigger) of at least one

P-wave and four S-wave arrivals. It is the smallest
recognized S-wave amplitude that defines the trig-
gering peak-to-noise ratio (PNR) of an event. To
find a representative minimal triggering PNR, we
analyzed the PNR of detected WEBNET events
from the first 100 days of the year 2020, when only
weak background seismic activity occurred. This
allowed us a visual examination of the waveforms
and to understand the outcome of detection.

A total of 242 events were automatically
detected and located 10x10 km around NKC. If
these events were not also detected by the neural-
network, their waveforms were visually checked.
As presented in Fig. 2 in the supplement, we iden-
tified 11% of false detections (27 events, 12 of
which are distant events with incorrect locations).
These false detections had no effect on the over-
all magnitude of catalog completeness (MC -0.4),
when derived as the maximum of magnitude dis-
tribution (deviation from Gutenberg-Richter law
in Wiemer and Wyss, 2000). Note, that the neural-
network detected an additional 45 events above
MC in this region, but this might be because
the PePin locations of corresponding events were
outside the selected region.

The triggering PNR of each event was derived,
using the noise level of the corresponding sta-
tion. As illustrated in the supporting plots in the
supplement Fig. 3 (top 2 charts), the triggering
peak-to-noise ratio of the 242 detections men-
tioned begins at PNR 2, but only 17 of 215 real
events occurred with PNR<3, which makes the
threshold PNR 3 a reasonable input for the sen-
sitivity calculation. A further positive indication
is that the PNR 3 removes 10 of 17 false detec-
tions. It was also tested to determine whether
the number of triggering stations correlates with
the event magnitude and depth. Unfortunately,
no such relation was observed (see Fig. 3 bottom
chart in supplement).

2.3 Local magnitude
The amplitude of a seismic signal recorded at
a station is a function of the event magnitude,
the distance between the earthquake and the
station, the earthquake mechanism and a local
amplification. We adopt the following formula for
magnitude calculation that is used at the WEB-
NET in West Bohemia / Voglant (Horálek et al,
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Table 2 GRSN station corrections with corresponding standard deviation derived from 48 seismic events ML > 2.5

from Lubin region, Poland. Stations sorted by the noise level.

Station NSNC SKAC KAM MHR TER PLO GTCLT LMP

Ci 0.398 -0.346 0.017 -0.508 0.083 0.093 0.067 0.196
δi 0.15 0.13 0.14 0.13 0.15 0.14 0.47 0.13

2000, revisited by Čermáková and Horálek, 2015):

MLi = log(ASmax
)− log(2π)+
+ 2.1 ∗ log(Ri) + Ci − 1.2

where MLi is a local magnitude derived at the
ith station, ASmax

is an absolute value of the
maximum total amplitude of the S-wave ground
velocity measured in µm/s, Ri is the hypocentral
distance of the ith station in kilometers, and Ci is
the station correction. Each event is represented
by an average magnitude ML. The maximum
errors are ±0.2ML, when only a subset of 4 to 5
stations is used (Čermáková and Horálek, 2015).
It is not linked to any regional magnitude.

Transferability of this local magnitude calcu-
lation to the Litoměřice region was tested on
regional events from Lubin (Poland, Fig. 1 left).
Only 48 Lubin events with ML > 2.5 had a signal
above the noise level, both in West Bohemia and
Litoměřice in the first half of the year 2020. To
enhance the peak-to-noise ratio of such regional
events, the waveforms were filtered 1-10 Hz. Mag-
nitude was calculated from the peak amplitudes
of the horizontal components, without any sta-
tion correction. Each station shows a bulk shift
between reported M and calculated ML. Network
corrections were derived as the mean difference
of the station ML bulk shifts. This is similar
for both networks: ML 0.65 for GRSN and ML

0.54 for WEBNET. Station corrections Ci were
derived correspondingly and WEBNET station
corrections are in accordance with the station cor-
rections given in Čermáková and Horálek (2015)
(Fig. 4 in the supplement). The similarity of net-
work correction and correspondence of station
corrections for WEBNET shows that the for-
mula for local magnitude from West Bohemia
is transferable to the Litoměřice region as is.
Resulting station corrections of GRSN stations
are presented in Table 2.

2.4 Simplified workflow
Knowing parameters such as a station’s noise level
and location, minimal PNR for detection and the
required number of triggering stations (T ), the
area of potential earthquakes is represented by a
3D grid of the station’s locations. For each grid
point (x, y, z) the minimum detectable magnitude
for station i is computed as

MLi(x, y, z) = log(Ni ∗ PNR)− log(2π)+
+ 2.1 ∗ log(Ri) + Ci − 1.2 (1)

where Ni is the noise level in µm/s and PNR
represents the minimum triggering PNR of the
S-wave (3 in our case). The minimal detectable
magnitude at a point (x, y, z) is the (T + 1)th

smallest value of MLi (5th in our case).

3 Network sensitivity results
A highly sensitive seismic network can detect
earthquakes of smaller magnitudes than a less
sensitive one. Quantification of network sensitiv-
ity is done using the minimal magnitude that a
network can detect. The network sensitivity calcu-
lation presented here is a function of the location
of the seismic station, the station’s representative
noise level, detection algorithm parameters such
as PNR and the number of triggering stations
and the area of interest defined by its coordinates.
Since all the factors are known or calculated for
both the West Bohemia and Litoměřice region, the
corresponding sensitivities are presented below.

3.1 West Bohemia region
The noise levels for the simulation of WEBNET
sensitivity were derived using seismograms from
the first 100 days of the year 2020, the sta-
tion corrections were adopted from Čermáková
and Horálek (2015), the condition of PNR>3 was
outlined in section 2.2 Detection algorithm; the
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requirement of 5 triggering stations resembles the
4 triggering stations of the applied automatic
detection algorithm.

The results of the application of the equation 1
to WEBNET are displayed as a 3D view in Fig. 4.
To relate the sensitivity to the known seismicity,
the sensitivity cross sections are overlaid by seis-
mic activity in years 2016-2021 in Fig. 5. It shows
that the known seismicity lies in the region of the
network with sensitivity starting at ML -1.3 near
Nový kostel (NKC) at depth 6 km and going down
to ML -0.8 for the south flank activity (between
SKC and KVC) at depth of 10 km.

Fig. 4 WEBNET: Network sensitivity as the minimal
detectable magnitude ML. Isolines are spaced by ML

0.1, bolder ones are multiples of ML 0.5. Seismic stations
are shown by red triangles with the station names.

Since the simulation of network sensitivity in
Fig. 4 and 5 follows the setting of the automatic
detection algorithm (triggering PNR 3 at a min-
imum 5 stations), the sensitivity is expected to
correspond to the minimal detectable magnitude
of the detection algorithm. To check this expec-
tation, the calculated sensitivity is compared to
the network sensitivity derived from the events
automatically detected by PePin in 2014-2018. To
achieve a meaningful comparison, both simula-
tions and catalog data were confined to the area
of greatest activity, i.e. a 2x4 km rectangle NE of
Nový Kostel (NKC) at a depth of between 6 and
11 km, see Fig. 6. The simulation is represented

by an average sensitivity at corresponding depth
slices (yellow triangles with the corresponding ML

in yellow). The result of automatic detection is
represented both by individual event hypocenters
(blue circles) and by the magnitude of catalog
completeness MC at each depth slice +/-0.5 km
(red stars). Interestingly, the simulated minimal
detectable magnitudes envelop the very weakest
catalog events. Another alignment between the
simulated and real sensitivity is demonstrated for
an active area at the South flank of the net-
work and the setting and results are shown in the
supplement in Fig. 5.

To conclude, the proof-test of the seismic net-
work sensitivity calculation provides a great fit
for the minimal detectable magnitude when the
setting is in line with the detection algorithm
parameters.

It would be more convenient to simulate the
network sensitivity in terms of the magnitude
of catalog completeness MC instead of minimal
detectable magnitude. Unfortunately, the num-
ber of triggering stations does not correlate with
the magnitudes of detected events (Fig. 3 bottom
chart in supplement), therefore a more engineered
approach was taken. Using a conservative criterion
of two additional triggering stations makes the
depth variation of the simulated sensitivity fairly
consistent with the catalog-derived MC (green tri-
angles with labels compared to red stars, Fig. 11
left). The WEBNET sensitivity simulation with 7
triggering stations shows simulated MC variation
ML -0.7 to ML -0.4 between 6 and 11 km in the
high activity zone. Depth cross sections of sim-
ulated MC are displayed in Fig. 7, which shows
two highly sensitive regions: first triangle in the
SouthEast of the network, and second an ellipsoid
in the North-West area of the network.

3.2 Litoměřice region
The noise level and station corrections for the sim-
ulation of GRSN network sensitivity were derived
using seismograms of the first 100 days of the year
2020. The PNR>3 assumption is taken from the
WEBNET, the requirement of 5 triggering sta-
tions resembles the 4 triggering stations of the
applied automatic detection algorithm.

The simulations show a sensitivity maximum
surrounding the well as expected, with a prolon-
gation in the NW-SE direction, see 3D view in
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Fig. 5 WEBNET: Network sensitivity as depth slices of the minimal detectable magnitude ML. Grey isolines are
spaced by ML 0.1, bolder ones are multiples of ML 0.5. Subplot titles note the slice’s depth below mean sea level. The
sensitivity map is overlain by seismic activity in 2016-2021 in blue points and by seismic stations in black triangles with
stations’names.

Fig. 8 and the depth cross sections of between 2
and 5 km in Fig. 9. This means that GRSN starts
detecting events from ML -0.8 and ML -0.4 at
depths of 2-5 km near the well The network sensi-
tivity in terms of the magnitude of completeness
was simulated with 7 triggering stations out of
the 8 in total. Horizontal slices in Fig. 10 show
two conjoined maxima, with the stronger near the
LTM station. The magnitude drop in sensitivity
between these maxima is ML -0.3 and it is reduced
with depth to nearly zero. Near the well, the max-
imum detectability completeness varies in depth
from ML -0.6 to ML 0.1.

If a network operator wants to judge the effec-
tiveness of each station independently, it would be
reasonable to look at the minimal detectable mag-
nitude of individual stations. At GRSN it shows
that the stations’ sensitivity varies greatly (by ML

1.3 at depth 2 km, Fig. 6 in supplement) which
means that the more sensitive half of the sta-
tions covers all the area in terms of detection, and

the other half is used for detection only in their
(limited) surroundings.

4 Discussion/Conclusions
Local scale seismic monitoring uses a grid of sta-
tions separated by a few kilometers, but not all
of them might actually be enhancing the abil-
ity of the seismic network to detect events. The
reasons for this is that the recorded noise level,
together with station’s correction, can undermine
the station’s sensitivity.

In this paper, we have presented the method
and workflow to evaluate the network’s sensi-
tivity in 3D, even in cases where there is no
local activity recorded. The method was proof-
tested in the long-term monitored region of West
Bohemia / Vogtland and applied to a geothermal
project being constructed in Litoměřice, both in
the Czech Republic. The 3D network sensitivity
is a function of network geometry, detection algo-
rithm setting and the noise level of each seismic
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Fig. 6 WEBNET simulated vs. real sensitivity in high activity zone. Left: Seismic activity as detected by automatic
detection algorithm in highly active area NE of Nový Kostel (station NKC). Seismic events displayed as ML vs depth below
mean sea level in blue circles. A magnitude of completeness (red star with red label) is calculated separately for each depth
range (gray rectangles in background). Average simulated sensitivity in this region (yellow triangles with yellow labels here,
depth layers in supplement in Fig. 5 left) is enveloping the observed seismic activity. Right: Map view of the simulated
sensitivity at depth 9 km (in color).

Fig. 7 WEBNET: Network sensitivity as depth slices simulating the magnitude of completeness (PNR>3 at 7 of 8
stations). Grey isolines are spaced by ML 0.1, bolder ones are multiples of ML 0.5. Subplot titles note the slice’s depth
below mean sea level. The sensitivity map is overlain by seismic activity in 2016-2021 in blue points.

station. In this study, the sensitivity was simu-
lated as a 3D underground grid, where each point
has assigned magnitudes of events causing the sig-
nal to equal three times the noise at each station.

The resulting network sensitivity at a grid point
is the fourth smallest magnitude, in case three
stations are required to trigger by the detection
algorithm. It is shown that the simulated seismic
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Fig. 8 GRSN: Network sensitivity as the minimal
detectable magnitude ML. Grey isolines are spaced by
ML 0.1.

sensitivity corresponds to the weakest detectable
earthquakes; the calculation reflects the number of
triggering stations required by the detection algo-
rithm. In the case of an additional two triggering
stations, the simulated seismic sensitivity corre-
lates with the magnitude of completeness achieved
at each grid point. This was shown by overlying
the simulated sensitivity over a great amount of
detected events, both in an area of a few kilome-
ters and varying in depth (Fig. 11, WEBNET on
the left).

Near the planned geothermal well in Lito-
měřice, the minimal detectable magnitude varies
from ML -1 at depth of 1 km to ML -0.3 at 6
km depth (Fig. 11, GRSN on the right). Simula-
tions of the magnitude of completeness show that
there should not be any seismic activity near the
well with a magnitude above zero, that would not
be detected at depth 6 km or shallower. No local
extremes or steep horizontal decline of sensitivity
are present. As such, the area can be considered to
be sufficiently monitored and seismically inactive
since no local microearthquakes were detected so
far.

To find stations that have the least effect on
detection, it is possible to look at the minimal
detectable magnitude in case only a single station
was available. The resulting variation in the sen-
sitivity, for example in an area of interest, is a
summation of the stations’ noise level and station
correction of magnitude. In our study, the varia-
tion of sensitivity is ML 0.6 (from M-1.6 to M-1.0,

Fig. 7 in supplement) in WEBNET at a depth of 7
km, showing three weaker stations. The variation
in GRSN is greater, ML 1.3 (from M-2.2 to M-0.9
Fig. 6 in supplement) at a depth of 2 km. It is
pointing out that these three stations hardly con-
tribute, if the detection requires 5 stations. This is
due to the variation both in noise level (10times,
Table 1) and in station correction (difference ML

0.9, Table 2).
One might ask why the sweet spot of the high-

est WEBNET sensitivity shifts so significantly
and breaks into two when a different number of
triggering stations is required (Fig. 7). It is due to
the difference in the sensitivity of the individual
stations as pointed out above: The sensitive sta-
tions dominate the region, and are considered to
be triggering even for the farthest events, omit-
ting the closer stations. When only 5 stations are
required to trigger, the five most sensitive stations
(more blue, Fig. 7 in supplement) cover the whole
region, leaving the two least sensitive ones in the
SouthEast and NorthWest corner of the network
completely unused, even though the event is right
below them. When 7 of 8 stations are required to
trigger, to simulate the magnitude of complete-
ness, it is these two least sensitive stations that
play the main role and so the sensitivity has got
two maxima, 5 km NE and SW horizontally from
the main activity.

The overall sensitivity of GRSN is weaker than
that of WEBNET due to the greater noise from
the industry and town of Litoměřice. In the area
of interest at a depth of 2 km, the difference is
ML 0.7 (Fig. 11). Another comparison of seismic
networks is in terms of sensitivity decline with
depth. The decline of GRSN sensitivity (ML) with
depth is steeper than in WEBNET: from 1 to 5
km depth the sensitivity is reduced by ML 0.3 in
WEBNET and by ML 0.7 in GRSN. The reason
for this is that the network sensitivity at a grid
point corresponds to the sensitivity of the weak-
est station that is accounted for in the detection
at this grid point. If this weakest station is close,
the magnitude ML decays rapidly with depth (i.e.
distance to this station), as is the case in GRSN
where the weak stations are a maximum of 4 km
from the well. On the other hand, if the weakest
stations are further away, the logarithmic magni-
tude decay with distance is not so rapid and the
distance to a station does not change with depth
so much. In WEBNET, the span between stations
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Fig. 9 GRSN: Network sensitivity as depth slices of the minimal detectable magnitude ML, representing the detection
of events with PNR>3 at minimum 5 stations. Grey isolines are spaced by ML 0.1. Subplot titles note the slice’s depth
below mean sea level. The sensitivity map is overlain by seismic stations in labeled black triangles and the well location as
a white diamond.

is greater and the weaker stations are at a 10 -
12 km horizontal distance from the active zone.
This is why there is less change of sensitivity with
depth in WEBNET as in GRSN.

In conclusion, exploitation of 3D network sen-
sitivity is the visualization of an expected effect
when a change in the network geometry or in
the setting of a detection algorithm is planned.
Another use is in identifying stations of minor/-
greatest benefit and an argument for claiming the
area well monitored and seismically inactive.
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Fig. 10 GRSN: Network sensitivity as depth slices simulating the magnitude of completeness (PNR>3 at minimum
7 stations). Grey isolines are spaced by ML 0.1. Subplot titles note the slice’s depth below mean sea level. The sensitivity
map is overlaid by seismic stations in labeled black triangles and the well location as a white diamond. Summary of the
average minimal and complete magnitude per depth is displayed in Fig. 11 for both GRSN and WEBNET.
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Fig. 1 Filter test. A local seismic event near Nový Kostel, WEBNET: ML -1.1, depth 5 km, 50.2544 12.4573, 22nd
August 2018 13:01:02 UTC: East component of raw data of seven WEBNET stations in black, filtered by band-pass filter
2-20Hz, 5-30Hz and 7-30Hz in blue. Horizontal time axes are similar, vertical amplitude axes are similar only for the blue
waveforms. Red dashed line corresponds to the average noise level of the station; the red circle highlights the highest peak
labeled with its PNR.

Fig. 2 WEBNET: true + false + missed detections. 242 events detected and located the automatic algorithm
(PePin) in a square 10x10 km centered around Nový Kostel. All detections visually checked: 215 recognized as real local
events (blue circles), 27 recognized as false detections (black asterisk), including 12 distant events with incorrect location.
The magnitude of completeness MC of PePin detection is not influenced by in/excluding the false detections (Mc by blue
and cyan line coincide, derived with a bin size ML 0.1). Events detected by neural network algorithm and located with
manual P and S picks, that were not detected by PePin, are displayed as well (186 magenta dots).
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Fig. 3 Minimal PNR value of PePin detections in the first 100 days of the year 2020. Top left: PNR vs ML in semi
logarithmic scale, real detections fitted by curve log(PNR) = 0.6*ML + 1 with standard deviation PNR 5.4. Top right:
a histogram of PNR of real events in colors overlied by a histogram of PNR of false detection in black. Bottom: ML vs
depth, color coded by the number of S-wave triggering stations.

Fig. 4 Station and network corrections of GRSN (left) and WEBNET (right) derived from 48 Lubin events (blue
circles with standard deviation as error bars). WEBNET station corrections compared to corrections by Čermáková and
Horálek (2015) (red stars).
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Fig. 5 WEBNET simulated vs real sensitivity in south flank active zone. Left: Seismic activity as detected by
automatic detection algorithm in the South flank of the network. Seismic events displayed as ML vs depth below mean sea
level in blue circles. Average simulated sensitivity in this region (yellow triangles with yellow labels here) is enveloping the
observed seismic activity. Right: Map view of the south flank region - the simulated sensitivity in depth 9 km (in color).
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Fig. 6 GRSN: Sensitivity ML of each single station, at depth 2 km below mean sea level. Grey isolines are spaced by ML

0.25. Subplot titles note the station name, label represents minimal detectable magnitude at such depth.
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Fig. 7 WEBNET: Sensitivity ML of each single station, at depth 7 km below mean sea level. Grey isolines are spaced
by ML 0.25. Subplot titles note the station name.
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